A commonly held view amongst petrologists is that metamorphic reactions occur close to equilibrium, an assumption which enables P-T paths to be constructed on the basis of observed mineral assemblages together with phase equilibria data. An alternative view is that, due to sluggish kinetics, reactions occur progressively and continuously along a PTt path, under disequilibrium conditions, at a rate which is mainly dependent on temperature. According to the latter model, textures of partial reaction can, in principle, be combined with experimental kinetic data to derive quantitative information about the PTt path and in particular about rates of heating or cooling.
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A commonly held view amongst petrologists is that metamorphic reactions occur close to equilibrium, an assumption which enables P-T paths to be constructed on the basis of observed mineral assemblages together with phase equilibria data. An alternative view is that, due to sluggish kinetics, reactions occur progressively and continuously along a PTt path, under disequilibrium conditions, at a rate which is mainly dependent on temperature. According to the latter model, textures of partial reaction can, in principle, be combined with experimental kinetic data to derive quantitative information about the PTt path and in particular about rates of heating or cooling.
In some cases at least, neither of the above models is realistic. An alternative disequilibrium model is discussed, which is based on both observations of partial reaction in metamorphic rocks and the results of experimental studies. According to this model, mineral assemblages persist metastably outside of their stability fields on long time scales in the absence of deformation, primarily because of large nucleation barriers. Reaction to a lower-energy mineral assemblage (possibly also metastable), if it occurs, takes place rapidly under pronounced disequilibrium conditions. This type of behaviour can be documented for solid-solid and hydration reactions, during high-pressure metamorphism for example, but may also apply in the case of dehydration reactions and melting reactions which involve several reactant and/or product phases.
Solid-solid reactions involving multiple phases are especially sluggish under fluid-absent conditions. An example from the Allalin gabbro (Western Alps) shows that metastable plagioclase persisted during high-pressure metamorphism at conditions which overstepped the equilibrium boundary by ~8 kbar. Reaction to the stable fluid-absent assemblage jadeite + grossular + kyanite + quartz failed to occur because of large nucleation barriers. Instead, plagioclase reacted to jadeite + zoisite + kyanite + quartz due to the infiltration of a hydrous fluid at about 20 kbar and 600°C. Even at these conditions, jadeite and quartz were initially only able to nucleate on fracture surfaces during fluid infiltration. The reaction rate at these conditions in the presence of fluid is expected to be very rapid (laboratory time scale) and the rate of fluid influx may have been the rate-controlling step.
Results of experimental studies of the kinetics of the dehydration reaction muscovite + quartz to K-feldspar + aluminosilicate Ò biotite + H 2 O are strongly dependent on the starting materials used. When all or most product phases are initially present (no nucleation barriers) and when the porosity and fluid-solid ratio are high, fast reaction rates lead to the prediction that this reaction will occur with only a small overstepping (e.g. 2°C) of the equilibrium boundary during metamorphism. On the other hand, using a low porosity muscovite-bearing quartzite as the starting material, significant reaction only occurs on experimental time scales when the equilibrium boundary is overstepped by ~150°C. The sluggishness of the reaction in this case is a consequence of large nucleation barriers, which are present even when an intermediate metastable melt forms. The latter results, although difficult to extrapolate to geological time scales, suggest that significant overstepping may be required for dehydration during metamorphism. Similar disequilibrium behaviour may also be inferred for melting reactions.
A particularly large pressure or temperature overstep is required when two or more phases have to nucleate simultaneously. However, if the crystallographic structures of the product and reactant phases are significantly different, the nucleation of a single new phase can also require a very large overstep, as will be demonstrated using the reaction behaviour of MgSiO 3 pyroxene at high pressure as an example.
